Abstract: Exposure to prescription medications and illicit drug use during pregnancy has been associated with neonatal abstinence syndrome. The clinical presentation consists of neurological respiratory, gastrointestinal, and vasomotor disturbances. All infants require observation and supportive care to ensure appropriate adaptation and growth in the newborn period. A smaller percentage may also require additional pharmacotherapy, depending on the specific gestational substance exposure. Women should be counseled antenatally about the possible neonatal effects, and mother-baby dyad care should be implemented for this particular patient population.
Introduction
Maternal substance use can lead to adverse neonatal outcomes, including neonatal withdrawal, as well as neonatal presentations consistent with acute toxicity or lasting drug effects. 1 Neonatal abstinence syndrome (NAS) is a constellation of withdrawal symptoms and signs exhibited by newborns in response to discontinuation of gestational exposure to various substances. 1 Neonatal withdrawal presents with symptoms that increase over time due to lack of drug exposure and lowering drug levels. In contrast, neonatal toxicity represents the drug effect due to in utero exposure, and symptoms typically improve over time as drug levels decrease. NAS has been reported with gestational exposure to both prescription medications, such as opioids and benzodiazepines, and illicit drugs. 1 The incidence of NAS is related to rates of maternal substance use. Estimates of the prevalence of substance use during pregnancy depend on the screening method used and the geographic location. According to the 2010 National Survey on Drug Use and Health, 4%-5% of pregnant women aged 15-44 years were current illicit drug users (including marijuana, cocaine, heroin, and nonmedical use of prescription drugs such as pain relievers, tranquilizers, or sedatives). 2 The rate was higher among pregnant women younger than 25 years of age (16% among those aged 15-17 years and 7% among those aged 18-25 years) in comparison with those aged 26-44 years (approximately 2%). Other estimates based on urine toxicology screening (including for benzodiazepine, marijuana, cocaine, opiates, amphetamines, phencyclidine, and barbiturates) of pregnant women on admission for delivery at a New Orleans Universal Hospital found that 19% of that population screened positive for at least one substance.
Prevalence of perinatal opioid use and NAS
The growing increase in NAS has paralleled the epidemic of maternal misuse of prescription opioids. Based on a retrospective review of a nationally representative US database of births between 2000 and 2009, as the rate of maternal opiate use increased by approximately five-fold from 1.19 to 5.63 per 1,000 hospital births per year, the incidence of NAS almost tripled from 1.20 to 3.39 per 1,000 hospital births per year. 5 In actual numbers, this means that over 13,000 babies were born with NAS in the USA in 2009. In Canada, the use of opioids has also reached concerning levels. Specifically, Ontario has the highest rate of opioid use in Canada, and has one of the highest rates of prescription opioid use in the world. 6 In 2009, the incidence of NAS in Ontario increased to 3-4 cases per 1,000 deliveries. 7 This growing rate of NAS translates into an estimated 3% of neonatal intensive care beds at a given time being utilized for these infants, leading to increased health care expenditure due to prolonged hospital admissions for management of NAS. 7 
Management of maternal opioid dependence
The mainstays of treatment for opioid dependence during pregnancy are opioid agonists. Pharmacotherapy options include methadone and buprenorphine preparations. Methadone has been endorsed until recently as the standard of care for the management of maternal opioid use disorder based on prolonged clinical experience and its ability to enhance retention in care and to improve maternal and neonatal outcomes. [6] [7] [8] Buprenorphine has been investigated as an alternative treatment because of its potential to reduce the severity of NAS. The MOTHER (Maternal Opioid Treatment: Human Experimental Research) study was a double-dummy, doubleblind, randomized controlled trial that compared methadone and buprenorphine maintenance for the management of opioid dependence during pregnancy. 9 This study confirmed the role of methadone in treating pregnant women and provided evidence to support buprenorphine as an alternative to methadone. Buprenorphine was found to have a higher dropout rate, likely due to higher patient dissatisfaction with this medication; however, buprenorphine was associated with reduced severity of NAS.
Due to the lack of convenient access to buprenorphine, some pregnant women may be maintained on combination treatment of buprenorphine + naloxone. Debelak et al published some initial results for ten pregnant women treated with buprenorphine + naloxone (eight were receiving this medication preconception and two were initiated during the first trimester). 10 Most neonates were delivered at term with normal birth parameters. Treatment for NAS was required by 40% of infants, and the mean neonatal length of stay was comparable with previous findings with buprenorphine and methadone treatments.
11 Similar findings were reported by Wiegand et al, who demonstrated that use of the combined buprenorphine + naloxone product was associated with a lower incidence of NAS and a shorter duration of hospital stay. 12 Use of buprenorphine + naloxone during pregnancy was not associated with any significant negative maternal or neonatal outcomes. Further research is required before the safety of this combination product can be determined. Until data become available, pregnant opioid-dependent women should be offered maintenance treatment with methadone or buprenorphine monoproduct.
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Neonatal abstinence syndrome: clinical review of untreated newborns withdrawing from opioids, including both heroin and methadone. 1, 14, 15 Abnormal electroencephalograms have been described in as many as one third of withdrawing neonates, with normalization by 6-12 months of life. 15 Reported seizures tend to be generalized motor seizures and myoclonic jerks.
The pathophysiology for NAS is related to the agonist effects of opioids that produce supraspinal analgesia, sedation, euphoria, respiratory depression, and decreased gastrointestinal motility. 1, 13 At a cellular level, opioids acutely inhibit the release of noradrenaline at synaptic terminals. With chronic opioid exposure, tolerance develops as the rate of noradrenaline release from the synapse increases towards normal. Abrupt discontinuation of opioids results in supranormal release of noradrenaline, and produces the autonomic and behavioral signs of withdrawal. 1 Given that the mu receptors are concentrated mostly in tissues of the gastrointestinal and central nervous system, it is expected that characteristic signs of withdrawal would include central nervous system excitability, autonomic over-reactivity, and gastrointestinal dysfunction.
The onset of clinical symptoms and signs of NAS depends on the half-life of the opioid used. Onset of symptoms of NAS in neonates exposed to maternal heroin and prescription opioids typically occurs within 24 hours of birth, whereas withdrawal from methadone and buprenorphine usually commences around 48-72 hours of age, with late presentations up to 5-7 days after birth. 1, 8 The NAS associated with buprenorphine appears to start within 12-48 hours, peaks within 72-96 hours, and lasts for 120-168 hours. 16 The NAS profile has been shown to differ between methadone-treated and buprenorphine-treated infants. Secondary analyses from the MOTHER study showed that the mean total NAS score was significantly higher in methadone-exposed infants in comparison with their buprenorphine-exposed counterparts. 17 This difference was due to greater severity for five of the 19 (26%) individual NAS signs, including central nervous system hyperirritability (eg, hyperactive Moro reflex, disturbed and undisturbed tremors, excessive irritability) and failure to thrive. A higher mean score for sneezing was demonstrated among buprenorphine-exposed neonates. In addition, nasal stuffiness and loose stools were often observed with buprenorphine. This trial also found a significant difference in median time to initiation of treatment of 36 hours for methadone-exposed neonates versus 59 hours for buprenorphine-exposed neonates. These findings were hypothesized to exist due to variations in transplacental transfer and the pharmacokinetics of these medications.
The severity of NAS can be affected by several variables. Results from the MOTHER study indicated that higher infant birth weight and nicotine exposure (ie, number of cigarettes smoked 24 hours prior to delivery) were associated with an increased likelihood of requiring treatment for NAS. 18 Nicotine exposure also predicted a higher total dose of medication required to treat NAS, but did not lead to higher NAS scores or longer treatment. These findings replicated earlier observations demonstrating that heavy smoking (defined as $20 cigarettes/day), was associated with higher cumulative Finnegan score, higher daily Finnegan score, and longer hospital stay. 19 Maternal use of SSRIs, antidepressants, and antipsychotics was associated with longer treatment for NAS, as well as a higher total dose of morphine required to treat NAS. Maternal use of anxiolytics failed to show any relationship with any of these outcome variables. This result is in contrast with previous studies documenting that maternal use of benzodiazepines in addition to methadone was associated with an increased length of stay, whereas SSRIs failed to have any effect. 20 Historically, studies have reported contradictory results concerning the relationship between maternal methadone dose and severity of NAS. Cleary et al performed a systematic review and meta-analysis to determine if there is evidence confirming an association between these two factors. 21 Sixtyseven studies were included in their review, with 29 in the final meta-analysis. The authors concluded that the severity of NAS was not related to low-dose or high-dose methadone. The relationship between buprenorphine dose and NAS severity remains unconfirmed. 22 This finding was replicated in the MOTHER study, indicating that maternal medication dose (methadone or buprenorphine) at delivery does not have any relationship with NAS. 18 Jones et al published further evidence in 2014 showing that maternal buprenorphine dose was not related to any of ten neonatal clinical outcomes, including severity of NAS, total amount of morphine used to treat NAS, duration of treatment for NAS, or length of hospital stay. 23 Evidence from the past decade seems to confirm an earlier finding that premature infants tend to exhibit less severe NAS than term infants. 24, 25 In comparison with preterm infants, term infants required a longer length of stay and a longer treatment duration, as well as higher morphine doses to treat symptoms of NAS. This apparently decreased severity of signs of NAS in preterm infants could be explained 
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Ordean and Chisamore by the following: objective withdrawal tools for NAS were designed for term infants, immature development of the central nervous system, reduced total exposure time to opioids, and reduced placental transfer rate. 24 
Differential diagnosis
Opioid-related NAS may mimic other conditions. 1, 13 No clinical signs should be solely attributed to drug withdrawal without a careful assessment to exclude other causes. Therefore, it is important to rule out sepsis, hypoglycemia, hypocalcemia, hyperthyroidism, intracranial hemorrhage, hypoxic ischemic encephalopathy, and polycythemia/ hyperviscosity syndrome.
Management of the neonate Assessment for NAS
Several screening tools have been developed, including the Finnegan neonatal abstinence scoring system, the Lipsitz neonatal drug-withdrawal scoring system, the Ostrea tool, the Neonatal Withdrawal Inventory, and the Neonatal Narcotic Withdrawal Index. 13, 26 The Finnegan neonatal abstinence scoring system was developed in 1975 by Loretta Finnegan to provide a standardized method for assessing drug-exposed infants. The score was based on the 20 most commonly found clinical symptoms and signs of neonatal narcotic withdrawal, and consisted of 31 parameters which were further reduced to 21 items. 27, 28 Based on a survey of neonatal-perinatal programs across the USA and Europe, some form of the Finnegan scoring tool remains the most commonly used 29, 30 and best validated 6, 26, 31 scoring tool. The Lipsitz neonatal drug-withdrawal scoring system was the second most commonly used scoring tool across the USA. 29 This tool consists of eleven items which are scored from 0 to 3 based on severity at presentation, with four signs being rated as only yes/no. 32 The Lipsitz tool has a reported sensitivity of 77% based on a total score .4 indicating significant withdrawal. No further validation studies have been conducted and/or published in the literature since its inception.
The MOTHER study proposed a revised Finnegan scoring tool by making further modifications, including taking out items that overlapped with others (eg, frantic sucking of fists is related to hypertonicity) or were not responsive to therapy (eg, myoclonic jerking or mottling), and consolidating items (eg, regurgitation and projectile vomiting, watery/loose stools). Two items, specifically irritability and failure to thrive, were also added to score. 33 This version of the modified Finnegan scoring, named the MOTHER NAS scale, consisted of 19 signs and symptoms that were used for scoring and medication decision-making. Inter-rater reliability testing was performed throughout the study period and demonstrated a high level of agreement between expert rater and site raters. 9 This score is intended to be implemented every 3 hours and to reflect the infant's status over this period of observation.
Based on several guidelines, assessment of NAS should be performed using an objective NAS scoring tool to determine the severity of withdrawal and the need for initiation of pharmacologic treatment. 1, 6, 7, 13 Scoring should be initiated within hours of life and continued for 72 hours (for opioids with a short half-life) or up to 120 hours (for opioids with a longer half-life) to assess for possible neonatal withdrawal symptoms and signs.
Pharmacologic management
When scores reach a threshold despite adequate use of nonpharmacologic strategies, pharmacologic treatment is recommended. 6, 7, 13, 26 Treatment for NAS may be indicated in up to 40%-50% of infants.
1 Data from the MOTHER study indicated that 41% of neonates exposed to methadone in comparison with 27% of those exposed to buprenorphine required pharmacotherapy for NAS, and these rates were not significantly different. 9 Use of a cardiac monitor is recommended from the initiation of morphine for a period of 4 days and/or until the pharmacotherapy dose is to be decreased. 6, 7 Weaning off pharmacotherapy should commence after neonatal withdrawal symptoms have been stabilized. Weaning protocols tend to be center-specific. 1 Scoring should continue until 48-72 hours after discontinuation of pharmacologic therapy.
There are two different strategies used for treatment of NAS, ie, weight-based, where medication is dispensed on a mg/kg basis, and symptom-based, where dosing is weightindependent and determined by NAS score. 26 These two regimens vary in terms of the recommended initial dose, dose increments, weaning dose, and initiation of adjunctive treatment. No standardized approach has been determined due to lack of comparative studies.
Opioids as initial treatment for NAS
Numerous pharmacotherapy options have been considered for management of NAS secondary to opioid withdrawal. Based on a Cochrane review, the American Academy of Pediatrics guideline, and other expert reviews, opioids such as morphine are recommended as initial treatment for NAS. 26, [34] [35] [36] Opioids have been shown to reduce the time taken to regain birth weight and duration of supportive care. In comparison with 
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Neonatal abstinence syndrome: clinical review phenobarbital, opioids decrease the incidence of severe NAS (eg, seizures) and reduce the treatment duration and rate of admission to nursery. Therefore, opioids were determined to be first-line agents for the management of NAS.
Morphine is the most commonly used opioid in the management of NAS, as recommended by the American Academy of Pediatrics guideline and also based on surveys conducted in the USA and Europe. 1, 29, 30 Oral morphine solutions contain no alcohol or additives, so are ideal for neonatal administration. Morphine preparations include diluted, deodorized tincture of opium, and preservative-free morphine hydrochloride solution.
Methadone represents an alternative to morphine. Based on national surveys, methadone is used infrequently in the treatment of NAS. 29, 30 Depending on geographic location, there is an up to 20% prevalence of methadone use in the management of NAS. A retrospective chart review compared length of stay and other parameters for methadone versus oral morphine preparations for the treatment of NAS. 37 There were no significant differences in gestational age, birth parameters, or length of stay between the two treatment groups.
Buprenorphine has also been examined recently as an alternative pharmacotherapy. The first pilot study consisted of a randomized, open-label trial of sublingual buprenorphine compared with oral morphine solution. 38 Sublingual buprenorphine resulted in a 31% reduction in length of treatment (27 days for buprenorphine versus 22 days for morphine) and a 29% reduction in length of hospital stay (32 days for buprenorphine versus 22 days for morphine), but neither difference reached statistical significance. A second, randomized, open-label trial designed as a Phase I safety study compared sublingual buprenorphine with oral morphine in the management of NAS. 39 The findings included a statistically significant 24% reduction in duration of hospital admission in the buprenorphine group (from 42 to 32 days), and a 40% reduction in length of treatment (23 days for buprenorphine versus 38 days for morphine). These two preliminary reports indicate that buprenorphine may be a safe alternative medication in the treatment of neonatal withdrawal; however, larger double-blind studies are required to validate these results. The optimal pharmacotherapeutic agent for NAS has yet to be determined.
Co-use of clonidine
There is promising evidence regarding the benefit of adding a secondary pharmacotherapeutic agent such as clonidine. Agthe et al performed a randomized controlled trial assessing the benefit of clonidine when added to dilute tincture of opium. 40 The results showed that addition of clonidine shortened the median length of therapy by 27% (11 days for clonidine versus 15 days for placebo). Treatment failure was reported in 12.5% of infants treated with placebo in comparison to none in the clonidine group. However, adequate clinical trials are required to establish an efficacious and safe dose. 6, 7 The mechanism of action of clonidine as an agonist is at the central alpha2-adrenergic receptor and perhaps at the imidazoline-1 receptor to reduce sympathetic outflow. Hence it acts to ameliorate tachycardia, hypertension, restlessness, and diarrhea. In cases where high doses of morphine are being used, clonidine may be considered a second-line agent as a medical adjunct to assist in controlling withdrawal symptoms. 7, 33 Co-use of phenobarbital Using a barbiturate as a single agent to treat opioid NAS is not generally recommended unless there is a mixed withdrawal syndrome. However, it may be acceptable in the absence of other preparations or expertise to prepare dilute solutions of morphine sulfate. 7 A Cochrane review published in 2005 indicated that in cases where infants were exposed to maternal polysubstance use, especially opioids in conjunction with sedatives, alcohol, or barbiturates, phenobarbital may reduce the severity of withdrawal and should be used in preference to diazepam to reduce the risk of treatment failure. 41 More recent data published in 2013 compared the efficacy of clonidine versus phenobarbital in reducing the length of morphine treatment. 42 Phenobarbital tended to reduce the length of treatment by 4 days (not statistically significant); however, both groups required the same total morphine dose. The overall duration of treatment for NAS was shorter with clonidine since no outpatient tapering was required, whereas infants on phenobarbital continued on this medication on an outpatient basis for up to 8 months. Therefore, the use of morphine in combination with phenobarbital has been reported in the treatment of infants whose symptoms are not well controlled with morphine alone, but strong evidence of its efficacy is lacking.
Outpatient tapering protocol
Weaning of pharmacotherapy usually occurs in an inpatient setting to allow for careful titration of infant doses due to concerns about the ability of parents to care for infants at home and the lack of adequate follow-up by health care providers for various reasons. However, some institutions are embarking on outpatient treatment in selected patient populations. For example, a survey of neonatal units in the UK and Ireland reported that 29% of units were found to discharge neonates home on medications. 30 
Research and Reports in
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Ordean and Chisamore A hospital in Australia developed a hospital-based weekly follow-up clinic in 1998 to provide coordinated care for substance-exposed infants after discharge from hospital. 43 This study reported that the availability of an outpatient clinic led to a significant reduction in length of stay in hospital and length of admission to their nursery; however, the duration of morphine treatment was significantly longer for infants discharged home on pharmacotherapy (57.5 days) in comparison with infants tapered down on an inpatient basis (17.2 days) . Therefore, in a suitable subpopulation, neonates may be discharged home on morphine to undergo a slow tapering process if appropriate follow-up by a multidisciplinary group of health care providers is available.
Another program developed in the USA combined inpatient initiation of methadone treatment followed by a weaning process in the community, which is in contrast with the traditional routine of completing treatment in a neonatal intensive care unit. 44 Patients were screened to ensure that they met the criteria for methadone weaning on an outpatient basis. The results indicate that the combined group had a shorter length of hospital stay and reduced hospital costs, but a longer duration of methadone treatment despite a similar cumulative methadone dosage. Further research is needed to evaluate the suitability of this approach and its associated long-term benefits.
Future areas of research
Innovative advances in this field consist of elucidating the role of different pathways in opioid withdrawal and medications for the management of NAS. New areas of research include the role of serotonin in opioid withdrawal, so targeting of serotonergic receptors may reduce opioid withdrawal symptoms in humans. 45 Alternatively, use of SSRIs to increase the amount of serotonin at the synapse may be another mechanism for reducing opioid withdrawal. Vaccines to target illicit and prescription opioids are also being developed as adjunctive therapies. In addition, pharmacogenomic studies are considering ways to study genes affecting the individual pharmacodynamic and pharmacokinetic parameters of opioids.
One preliminary prospective cohort study addressed the association between genotype for single nucleotide polymorphisms and length of hospital stay, need for medical treatment for NAS, and treatment with two or more medications. 46 The results indicate that genetic variants were associated with a shortened length of stay, decreased likelihood of treatment, and treatment with multiple medications. Most of these hypotheses require further investigations in humans before definitive evidence is available and application to clinical cases can be considered.
Nonpharmacologic measures
Nonpharmacologic supportive care is essential for all infants with NAS regardless of the need for pharmacotherapy. Interventions consist of support for the mother-baby dyad, environmental modifications, soothing behaviors, and positional support, as well as frequent, smaller volume, hypercaloric feeds. These are all measures that may be beneficial in the treatment of neonates with NAS, both in hospital and in the home environment. 1, 7, 9, 26 Adapting the environment for decreased sensory stimulation is beneficial to both mother and baby. 7 Cuddling, overall gentle handling, skin-to-skin contact (Kangaroo care), and infant slings have all been promoted as ways of improving behavioral adaptation in newborns with NAS. 7 Watchfulness and reinforcement of self-soothing behaviors used by the neonate (non-nutritive sucking, swaddling) may assist in ameliorating NAS. Minimization of excessive handling, respect for the neonates' sleep state, and environmental stimulation will also help with regulation of the transition between neonatal behavioral states, and thus may also have an impact on NAS. 7 Specif ic holding/constraining techniques, proper positioning, use of gentle firm pressure, and gentle vertical rocking can all support the neonate's self-regulation. 7 Rocking beds or mechanical swings should be used as an adjunct if the care staff feel that these are helpful to reduce withdrawal symptoms. However, there is evidence that, for some neonates, this may in fact be overstimulating during the acute period of withdrawal and may not be appropriate. 46, 47 Frequent, smaller volume, hypercaloric feeds are generally recommended for infants who have feeding difficulties because of regulatory control issues and/or poor weight gain due to excessive caloric expenditure, gastroesophageal reflux, and diarrhea. 7 Dietitian support is part of the multidisciplinary approach to care of the neonate with NAS. Evolving now are family-integrated neonatal care studies that seem to reduce parental stress, and adaptations to these models for this neonatal population are anticipated soon.
Breastfeeding
The role of breastfeeding in managing NAS remains uncertain. Some studies have documented a benefit from breastfeeding in terms of reduced pharmacotherapy for NAS, while others have failed to find a similar outcome. Earlier data from a retrospective chart review demonstrated that breast-fed infants 
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Neonatal abstinence syndrome: clinical review had significantly lower NAS scores, a lower prevalence of medical treatment for NAS (53% versus 79%) and a shorter duration of stay (15 days versus 19 days) compared with a formula-fed group, even after controlling for polysubstance use and prematurity. 48 However, there was no difference in the mean maximum dose of morphine. There were significant limitations to this study, including breastfeeding mothers being more likely to receive more comprehensive antenatal care, have reduced polydrug use, and being less likely to be involved with child welfare services.
In a more recent publication, a retrospective chart review by McQueen et al corroborated a similar trend of reduced severity and duration of NAS scores in predominantly breast-fed, methadone-exposed infants in comparison with combination-fed or predominantly formula-fed neonates. 49 Jansson et al compared methadone-maintained women who were breastfeeding with matched formula-feeding women in terms of methadone concentrations and neonatal effects. 50 Methadone plasma concentrations were not different between the groups and methadone concentrations in breast milk were low. Neurobehavioral assessments did not demonstrate any significant effect of breastfeeding; however, there was a trend towards reduced pharmacotherapy for breast-fed infants. Pritham et al also demonstrated an association between infant feeding and length of stay. 51 Breastfeeding was linked to lower rates of infant treatment for NAS and shorter length of stay. This association was seen with both methadone and buprenorphine exposures in utero.
Several case reports and small case series documented that the concentrations of buprenorphine and norbuprenorphine detected in breast milk are generally low and did not exceed maternal plasma concentrations. [52] [53] [54] [55] Based on further calculations due to its poor bioavailability, infants would receive ,1% of the maternal weight-adjusted dosage, which is unlikely to lead to any adverse effects in the neonate. However, only a couple of studies addressed the effect of lactation on NAS in buprenorphine-exposed infants. One case report published in 1997 described little pharmacologic effect of buprenorphine detected in breast milk since the baby did not display any withdrawal signs when breastfeeding was abruptly interrupted due to maternal illness at 8 weeks of age. 52 In a more recently published observational study, 70% of mothers were reporting to breastfeed while on buprenorphine; however, 35% of infants still required treatment for NAS, which may indicate that buprenorphine exposure in breast milk does not alter NAS. 56 Further research into the neonatal and long-term effects of exposure to methadone or buprenorphine in breast milk is required. Based on the current evidence, since breastfeeding itself may provide additional benefits to opioid-exposed infants, mothers should be encouraged to consider breastfeeding if there are no active contraindications.
Illicit drugs Stimulants
Stimulants consist of both naturally occurring plant alkaloids, such as cocaine, and synthetic compounds, such as amphetamines. 4 These compounds act to increase monoamine (dopamine, norepinephrine, and serotonin) activity in the central and peripheral nervous systems through various mechanisms.
Presentation
Earlier studies from the 1980s and 1990s described some characteristic neonatal symptoms and signs related to cocaine exposure in utero. Initial reports of neonatal symptoms secondary to cocaine and methamphetamine exposure consisted of neurologic and physiologic alterations such as abnormal sleep patterns, tremors, hypertonia, high-pitched cry, frantic fist sucking, poor feeding, mild jitteriness, and mild tachypnea. 57, 58 Symptoms peaked on days 2 and 3 and resolved without any treatment. It was unclear if these symptoms were signs of intoxication or withdrawal. Doberczak et al reported the presence of neurobehaviors using a standardized scoring system for clinical assessment of neonatal withdrawal following intrauterine cocaine exposure. 59 Neonatal symptoms included increased muscle tone, irritability or tremors, and transient electroencephalographic abnormalities, with no respiratory, gastrointestinal, or autonomic dysfunction. Similarly, neurological findings peaked on day 3 and improved without any treatment, which pointed towards a direct neurotoxic effect of cocaine rather than withdrawal, given that symptoms and signs resolved over time.
Other studies have failed to find any characteristic neonatal withdrawal syndrome based on the Brazelton Neonatal Behavioral Assessment Scale. 60, 61 In addition, more recent controlled studies, published in the 2000s, have failed to confirm earlier reports regarding cocaine withdrawal. 62, 63 Eyler et al compared cocaine-exposed infants based on urine toxicology testing status at birth and failed to find any evidence for acute cocaine toxicity or cocaine withdrawal in those infants who were positive for cocaine metabolites at birth. 64 However, an overall drug effect of cocaine was noted, and consisted of increased autonomic regulation (eg, more startles and tremors). Similarly, the Maternal Lifestyle Study failed to demonstrate neonatal withdrawal in cocaine-exposed infants but did report mild, transient neurologic findings such 
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Ordean and Chisamore as irritability, jitteriness, tremors, high-pitched cry, and excessive sucking. 65 Investigators concluded that these increased central and autonomic nervous system symptoms and signs were more likely in keeping with a cocaine effect. Therefore, due to the lack of convincing evidence from controlled studies, neonatal cocaine withdrawal is not likely a true syndrome and earlier findings may have been more indicative of an intrauterine cocaine exposure effect.
Management
Infants born to mothers using stimulants during pregnancy require only supportive care. There is no evidence about the need or use of pharmacotherapeutic interventions.
Cannabis
Cannabis preparations consist of marijuana, hashish, and hash oil. 4 The major psychoactive component in marijuana is delta-9-tetrahydrocannabinol, which acts on cannabinoid receptors in the central nervous system. At low doses, marijuana leads to a mixture of depression and stimulation; however, central nervous system depression is more common at higher doses of marijuana.
Presentation
Two longitudinal cohort studies have documented neonatal neurobehavioral changes associated with marijuana use during pregnancy. The Ottawa Prenatal Prospective Study found that prenatal exposure to marijuana was associated with increased tremors and exaggerated startles, both spontaneous and those provoked by external stimuli, as well as poorer habituation to visual stimuli based on the Brazelton Neonatal Assessment Scale assessment at 3 days of age. 66 A follow-up study of this population at 9 and 30 days of age demonstrated persistent neurological findings. 67 The continued presence of symptoms suggested that the findings may be attributable to marijuana-related withdrawal. However, given that tetrahydrocannabinol is highly lipophilic, these prolonged clinical signs may be also be indicative of a marijuana drug effect.
The Maternal Health Practices and Child Development Study reported on prenatal use of marijuana in a high-risk population of women in the USA. Findings included autonomic arousal, such as increased high-pitched crying and sleep disturbances. 68, 69 Neurobehavioral effects as documented by the Ottawa Prenatal Prospective Study were not found in this study, and use of marijuana was not predictive of neonatal behaviors. 70 Therefore, the evidence regarding the presence of a neonatal marijuana withdrawal syndrome is conflicting, and further studies are required to clarify the association between gestational marijuana and documented neurobehaviors.
Management
Management of neonatal neurobehaviors consists exclusively of supportive care with close monitoring for growth and development.
Prescription medications Benzodiazepines
The prevalence of anxiety disorders during pregnancy and the postnatal period has not been studied as extensively. Based on a systematic review of the literature by Ross and McLean, obsessive-compulsive disorder and generalized anxiety disorder have high perinatal prevalence rates, being up to 4% and 9%, respectively. 71 Perinatal anxiety disorders are associated with adverse obstetric consequences, such as premature labor and delivery, and adverse developmental outcomes due to fetal exposure to elevated hormone levels (eg, cortisol). Pharmacotherapy for anxiety disorders consists of benzodiazepines and SSRIs.
Benzodiazepines act on the gamma aminobutyric acid receptor, leading to sedative, anticonvulsant, and hypnotic effects. 4 This class of medication has various subgroups with varying durations of action, ie, long-acting (eg, diazepam), intermediate-acting (eg, clonazepam, lorazepam), and shortacting (eg, alprazolam, midazolam) compounds. 72 
Presentation
Intoxication and withdrawal syndromes related to maternal benzodiazepine use have been reported in the literature. 73 Laegreid et al compared the effect of maternal use of benzodiazepines in 17 newborn infants with that in a group of 21 newborns exposed to other psychotropic drugs and 29 control newborns with no known exposures. 74 Neurological examinations demonstrated significant differences, from depression to hyperexcitability of the central nervous system. Symptoms such as drowsiness, absent reflexes, and poor sucking were attributed to neonatal intoxication, whereas other symptoms and signs such as regurgitation, jitteriness, tremor, startles, and monotonous cry were linked to neonatal withdrawal. This study provided evidence for the presence of both a neonatal drug effect and a withdrawal syndrome in response to gestational benzodiazepine use.
Neonatal withdrawal has been linked to more prolonged gestational use of benzodiazepines, but has also been described subsequent to acute maternal use during labor. An early case 
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Neonatal abstinence syndrome: clinical review report by Rementeria and Bhatt from 1977 described early onset of symptoms within 2-3 hours after birth, consisting of mild tremor in three infants with prolonged intrauterine exposure to diazepam. 75 Later onset of withdrawal was manifested by irritability, hypertonicity, tachypnea, vigorous sucking, hyperactivity, vomiting, loose stools, and poor weight gain. Symptoms increased in severity and lasted for variable lengths of time of up to 1 month in duration. A randomized controlled trial of the use of lorazepam premedication for management of labor pain demonstrated some differences on the neurobehavioral examination performed at 2-4 hours and again at 24 hours after birth. 76 Although no significant differences were found, there was a trend towards poorer results on tests of resistance to passive movement (eg, truncal and general body tone) and more neonatal respiratory depression in infants acutely exposed to lorazepam. Repeat examination at 24 hours showed significant improvement in symptoms such as increased muscle tone and alertness. Therefore, the authors concluded that a single maternal dose of lorazepam is not likely to lead to prolonged withdrawal, such as prolonged respiratory depression.
These findings can be explained by the limited ability of infants to metabolize diazepam, leading to a prolonged presence of the drug in their tissues and, therefore, more prolonged pharmacologic effects, resulting in later onset of withdrawal symptoms/signs at 2-3 weeks of life. 75, 77 Earlier withdrawal symptoms can be attributed to maternal abstinence from benzodiazepine use for a couple of days before delivery.
In summary, there is a spectrum of clinical presentations related to both neonatal intoxication and withdrawal. Neonatal benzodiazepine withdrawal includes hypertonia, hypothermia, hyperbilirubinemia, irritability, abnormal sleep patterns, tremors, suckling difficulties, inconsolable crying, and respiratory depression, with onset immediately after delivery and potentially lasting for up to 3 weeks postnatally.
72,78
Management
Neonatal benzodiazepine withdrawal symptoms resemble those of opioid-related NAS; therefore, ruling out narcotic coingestion is important when addressing clinical management. Treatment with phenobarbital has been described in the literature. 75 Dosing protocols consisted of an initial 3-5 mg/kg/day of phenobarbital in divided doses. Indications for treatment included increased severity of neonatal withdrawal symptoms and signs and failure to thrive. Most infants required 5-10 mg/kg/day for symptom control. Phenobarbital was tapered depending on symptoms by reducing the dose every 3-4 days.
SSRis
The prevalence of maternal perinatal depression has a point prevalence of up to 13% during pregnancy and in the first postpartum year. 79 Perinatal depression is defined as a major depressive episode occurring either during pregnancy or in the post-partum period. Numerous adverse consequences of maternal mood disorders have been identified, such as increased risk of maternal suicide, decreased maternal engagement and attachment with the infant, as well as increased rates of poor obstetric outcomes. 79, 80 The lifetime version of the Edinburgh Postnatal Depression Scale study reported that 40% of women with a major depressive disorder developed maternal perinatal depression, and the recurrence rate for postpartum depression was estimated at 25%. 81 In addition, further analysis found that women diagnosed with maternal perinatal depression had a more severe and chronic clinical course, consisting of increased functional impairment, and higher rates of professional help and treatment. Risk factors for maternal perinatal depression include a family history of major depressive disorder, personal history of anxiety disorder, childhood trauma, childhood sexual abuse, and history of sexual abuse after the age of 16 years. 81 SSRIs are a common class of antidepressants for the management of perinatal depression. Medications in this class included fluoxetine, paroxetine, sertraline, fluvoxamine, citalopram, and escitalopram. The prevalence of SSRI use is highly variable. A national cohort of 1,106,757 Medicaid-enrolled women in the USA between 2000 and 2007 found that 20% of women had a documented diagnosis of depression or other mental health problem. 80 Overall, 8% of women were dispensed an antidepressant during pregnancy, with approximately 60% on medication during the 3 months before conception. The other 41% initiated pharmacotherapy during pregnancy. Most of these women (80%) were treated with SSRIs, indicating an approximately 5% prevalence of SSRI use during pregnancy. Older women ($30 years of age) and white women had higher rates of antidepressant use. A similar prevalence rate was reported by a multisite study from the Health Maintenance Organization Research Network Center for Education and Research on Therapeutics. 82 SSRIs were the most commonly dispensed antidepressants in 5.6% of deliveries during [2001] [2002] [2003] [2004] [2005] . This number represented a four-fold increase in the use of these medications between 1996 and 2005. Data from the National Birth Defects Prevention Study also showed a significant increase in reported SSRI use from 1.7% in 1998 to 6.1% in 2005. 83 This literature review demonstrates that SSRI use has become more common over the past decade in the management of maternal perinatal depression. Therefore, studying the possible effects of SSRI use during pregnancy on the fetus and neonate is critical in managing maternal perinatal depression.
Presentation
Neonatal effects of in utero exposure to SSRIs, especially in the second half of pregnancy, is concerning due to the risk of neonatal adaptation syndrome and persistent pulmonary hypertension of the newborn. A systematic review has confirmed an association between the use of SSRIs in late pregnancy (ie, .20 weeks' gestational age) and the presence of a neonatal adaptation syndrome. 84 A prevalence rate of 10%-30% has been reported. Manifestations include respiratory, motor, central nervous system, and gastrointestinal symptoms. Infants may exhibit nervousness, sleeplessness, tremor, difficulty eating, respiratory distress, and even seizures. 85 The clinical presentation is similar to other withdrawal syndromes, and consists of mild-to-moderate signs with onset within hours of birth and resolution in 1-2 days. Neonatal convulsions have been described as a more severe form of withdrawal. 86 These benign seizures were also associated with SSRI use in the third trimester. Seizures were diagnosed within 14 days of birth and were not associated with serious adverse outcomes. One additional infant convulsion can be expected for every 117 women who are using an SSRI in the third trimester.
Pulmonary hypertension of the newborn has been defined as a failure of the normal relaxation of the pulmonary vasculature during transition after birth, with a 5%-10% mortality rate. 85, 87 The association between gestational SSRI exposure and pulmonary hypertension of the newborn was initially suggested by Chambers et al in 2006. 88 However, other studies have failed to confirm this association. 89 A systematic review of the literature by Jong et al published in 2012 did confirm the presence of a small increased risk of pulmonary hypertension of the newborn. 87 The risk of this condition is estimated at ,1%, meaning that 99% of women exposed to an SSRI in late pregnancy will have a healthy infant. Most cases were described as self-limiting and only required admission to the neonatal intensive care unit. 85 Given the potential for neonatal effects, a risk-benefit analysis needs to be considered when prescribing SSRIs for the management of maternal perinatal depression. Women need to be counseled about the risks associated with exposure in late pregnancy, which should be weighed against the risks of untreated maternal depression.
Management
Due to the potential for neonatal adaptation difficulties, it is recommended that babies with late-trimester SSRI exposure be observed in hospital for a minimum of 2 days. 90 Education should be provided to families on the possible effects of gestational SSRI use and the need for observation in the immediate postpartum period. Alternative causes for symptoms, such as coinfections and concomitant substance use, need to be ruled out.
Conclusion
Based on multiple reports, maternal use of psychoactive medications and illicit drugs is highly prevalent during pregnancy. This in turn has led to growing numbers of infants presenting with NAS. Well documented NAS has been reported secondary to gestational opioid and psychoactive medication (benzodiazepines, SSRIs) exposure. However, there is a lack of evidence confirming the presence of NAS following gestational cocaine and marijuana exposure. The risk of NAS should be discussed with pregnant and postnatal women to ensure early identification and treatment of infants with NAS. Current knowledge gaps exist, and further research is required to identify the most appropriate and effective assessment tools and management protocols.
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